The volatile composition of 925 single cultivar young Sauvignon blanc, Chardonnay, Pinotage, Merlot, Shiraz and Cabernet Sauvignon wines of vintages 2005 to 2007, was determined using gas chromatography -flame ionisation detection. Compositional data were compared to published data on young wines from South Africa and other countries. South African young wines analysed in this study had a largely similar volatile composition to that reported in the literature. Significant between-vintage and between-cultivar differences were observed in the volatile composition of the wines investigated in this study. The concentration ranges of four compounds in red wines, hexanol, propanol, diethyl succinate and ethyl lactate, and four compounds in white wines, 2-phenylethanol, hexanoic acid, isoamyl acetate and propanol, were not influenced by vintage effects. This finding was interpreted as the first indication that typical concentration ranges for some aroma compounds can be established for South African young cultivar wines. A trend was observed in the white wines that the alcohols and their respective acetate esters, as well as fatty acids and their ethyl esters, were responsible for the vintage-related effects. Differences in volatile composition between Chardonnay and Sauvignon blanc wines could also largely be explained on the same basis. Classification models were established to discriminate between individual red wine cultivars and between the two white wine cultivars and correct classification rates of respectively, 79 % and 85 % were achieved.
INTRODUCTION
Over the years, many researchers have strived to better understand wine composition. Studies, past and ongoing, have focussed on, amongst other topics, the identification of wine compounds (Noble et al., 1980; Campo et al., 2006) , methods of quantification (Ferreira et al., 2000; and the role of individual compounds and compound classes in wine flavour and quality (Etievant, 1991; Guth 1997; Ferreira et al., 2000 and Barbe et al., 2008) . Many studies also investigated the contribution of various wine compounds to the differentiation between wines of different cultivars (Ferreira et al., 2000; Lee and Noble, 2003; Tredoux et al., 2008; Weldegergis and Crouch, 2008) , geographic origin (Marais et al., 1981 a and b; Calleja and Falque, 2005) and the variation of wine composition over vintages (Ferreira et al., 2000; Zhang et al., 2007) .
The volatile composition of wine is directly responsible for the aroma, and therefore the quality of wine. Some grape-derived compounds such as methoxypyrazines, contribute significantly to wine aroma (Lacey et al., 1991; Sefton et al., 1993) , while fermentation-derived volatiles such as alcohols, esters and fatty acids have also been shown to play an important role (Schreier, 1979) . The most abundant alcohols in wine, apart from ethanol, are 1-propanol, isobutanol, isoamyl alcohol and 2-phenylethanol (Rapp and Mandery, 1996) . These higher alcohols have a pungent smell at high concentrations, but add to the complexity of wine when present at less than 0.30 g/L. Esters of saturated carboxylic acids, such as ethyl hexanoate, and acetate esters of higher alcohols, such as isoamyl acetate, are generally associated with fruity, floral wine aromas ).
Aliphatic saturated fatty acids are the most common fatty acids found in wine and chain lengths of up to 14 carbon atoms have been reported (Schreier, 1979) . Acetic, hexanoic, octanoic and decanoic acids are some of the most abundant fatty acids in wine. At high concentrations, these compounds are associated with rancid, cheesy and vinegar-like aromas, but they are usually present below their detection threshold in healthy wines (Schreier, 1979; Lambrechts and Pretorius, 2000) . However, these volatile compounds can influence wine aroma even at levels below odour threshold.
Strong correlations have been found between grape variety and the concentrations of main groups of compounds derived from yeast amino acid metabolism, namely isoacids and ethyl esters of isoacids, as well as fusel alcohols and fusel alcohol acetates (Ferreira et al., 2000) , and it was suggested that the amino acid profiles of grapes contribute significantly to the aromatic differences between cultivar wines. Several studies support the contribution of higher alcohols, esters and fatty acids to varietal differentiation (Danzer et al., 1999; Lopéz et al., 1999; Falqué et al., 2001; Camara et al., 2006) . Differences in the higher alcohol, ester and fatty acid composition of wines from different wine producing areas have also been observed (Marais et al., 1981 a and b; Calleja and Falqué 2005) .
The aim of this study was to gain perspective on the volatile composition of South African (SA) young wines, defined as single-cultivar wines that have not yet undergone ageing, in order to exclude variability due to oak maturation, blending and bottle ageing. Six wine cultivars, sourced from all major wine producing areas of South Africa were included in this study and in total 925 wines were analysed. The composition of wines from vintages 2005 to 2007 in terms of 26 abundant fermentation-derived volatile compounds was compared to published data of wines from other countries. Comparisons between the SA cultivars were made, in order to establish profiles for each cultivar. Possible vintage-related effects on the average concentration ranges of volatile compounds were investigated, to evaluate if typical concentration ranges for volatile compounds in each cultivar could be established. Finally, it was also attempted to develop classification models that could discriminate between the different red and white cultivars. (Table 1) . Sauvignon blanc, Chardonnay, Pinotage, Merlot, Cabernet Sauvignon and Shiraz wines from cellars from Stellenbosch, Paarl, Worcester, Robertson, Orange River, Olifants River, Elgin, Helderberg, Franschoek, Darling, Swartland, Tulbagh, Cape Point, Little Karoo and Durbanville were used. However, as SA wine producers are permitted by law to purchase grapes from other geographic regions for wine production, the location of the cellars was not deemed an accurate indication of the true geographic origin of the wine. Therefore, discrimination between wines from different geographic origins was not considered in this study. The wines were protected against oxidation and stored at 4°C in the dark until analysed.
MATERIALS AND METHODS

Wines
Chemicals, standards and wine matrix simulant
Chemicals and standards
Ethyl acetate and isoamyl acetate were purchased from Riedel de Haën (Seelze, Germany). Methanol, hexanol, acetic acid and 2-phenylethanol, diethyl ether, ethanol, tartaric acid, NaOH and Na 2 SO 4 were purchased from Merck (Darmstadt, Germany). Ethyl butyrate, propanol, isobutanol, butanol, hexyl acetate, ethyl lactate, propionic acid, isobutyric acid, butyric acid, isovaleric acid, diethyl succinate, valeric acid, 2-phenylethyl acetate, 4-methyl-2-pentanol (internal standard) and hexane were purchased from Fluka (Buchs, Switzerland). Hexanoic acid, octanoic acid, isoamyl alcohol, ethyl octanoate and ethyl decanoate were purchased from Aldrich (Steinheim, Germany). Decanoic acid and ethyl hexanoate were purchased from Sigma (St. Louis, USA). All the compounds used were of at least 98 % purity.
Wine matrix simulant composition
A wine matrix simulant consisting of 12 %v/v ethanol and 2.5 g/L tartaric acid in de-ionised water from a MilliQ water purifying system (Millipore, Billeric, MA, USA), pH adjusted to 3.50 with 0.1 M NaOH was used for identification and calibration purposes. The pure standards and the internal standard, 4-methyl-2-pentanol, were also dissolved in this solution.
Liquid-liquid extraction procedure and quantitation
Five mL of wine with internal standard 4-methyl-2-pentanol added (100 µL of 0.50 mg/L solution in wine simulant) was extracted with one mL of diethyl ether by sonicating the ether/wine mixture for five minutes. The wine/ether mixture was then centrifuged at 3600 g for 3 minutes. The ether layer (supernatant) was removed and dried on Na 2 SO 4 .
Gas chromatographic conditions
For gas chromatography (GC) a DB-FFAP capillary column (Agilent, Little Falls, Wilmington, USA) with dimensions 60 m length × 0.32 mm i.d. × 0.5 µm film thickness and a Hewlett Packard 6890 Plus GC instrument (Little Falls, USA) equipped with a split/splitless injector and an flame ionisation detector (FID) was used. The initial oven temperature was 33°C, held for 17 minutes, after which the temperature was increased by 12°C/ minute to 240°C, and held for 5 minutes. Three µL of the diethyl ether extract was injected at 200°C in split mode. The split ratio was 15:1 and the split flow rate 49.5 mL/minute. The column flow rate was 3.3 mL/minute using hydrogen as carrier gas. The detector temperature was 250°C. After each sample run, a post run of 5 minutes at oven temperature 240°C, with a column flow of 6 mL/minute cleaned the column from high boiling contaminants. The GC-FID method described above, including the sample preparation procedure, has been validated (Louw, 2007) and applied in a previous study (Louw et al., 2009) . The limits of detection (LOD) and quantification (LOQ) for the analytes are shown in Table 2 . The relative standard deviation (%RSD) was below 10% for all compounds
Statistics
All statistical analyses were done in the Statistica 8 software package (Statsoft Inc., www.statsoft.com) . 
Univariate analysis
Factorial analysis of variance (ANOVA) tests were performed on the wine volatile data to determine whether significant differences exist between vintages and cultivars and to evaluate the significance of vintage*cultivar interactions. Least significance difference (LSD) post-hoc tests were performed for further interpretation of the ANOVA results at α = 5%. Box plots were drawn to determine non-outlier concentration ranges, defined as the 95 % confidence intervals. Odour activity values were calculated for each compound by dividing the average concentration by the compound's odour threshold levels, as reported in literature (Guth 1997) . Compounds with odour activity values ≥ 1 are considered odour active i.e. they contribute to aroma.
Multivariate analysis
A method for selecting subsets of variables using genetic algorithms was performed to identify the subsets of volatile compounds that best discriminated between cultivars. The fitness criteria used in the genetic algorithm was classification accuracy based on a 'hold out' test data set. A total of 21 subsets were identified and the best of these were used in a linear discriminant analysis (LDA) test (Otto, 1999) to determine how well wines could be classified into their respective cultivar groups based on the specific subset. Compounds that appeared in at least 16 of the 21 subsets were grouped into an additional subset of compounds, namely the "most used" subset. The "most used" subset was also used in a LDA test. All the LDA models were validated using an independent test set.
RESULTS AND DISCUSSION
Fermentation-derived compounds in white wines
The concentration levels of the volatile compounds in Chardonnay and Sauvignon blanc wines, along with their respective odour description, threshold and odour activity values, are listed in Table 3 . To date, very few studies on the distribution of volatile compounds in SA young white wines have been undertaken and to the best of our knowledge this report is one of the first comprehensive studies of its nature. An earlier study on the SA Colombar and Chenin blanc (Marais et al., 1981 b) showed results comparable to the findings in the present study. However, for ethyl acetate ( Another report on Californian Chardonnay wines (Arrhenius et al., 1996) reported ethyl lactate concentrations between 0.07 -3.50 mg/L and 2-phenylethanol levels of between 0.70 -4.80 mg/L. These results are lower than the average levels found for SA Chardonnay wines analysed.
Results published by Cabrita et al. in 2007 , although pertaining to different cultivars than investigated here, showed that Portuguese white wines had concentration ranges of fermentation-derived compounds comparable to that of SA white wines. The Portuguese wines had lower levels of ethyl acetate ( (Table 3 ). In a recent study of Spanish white wines, concentration levels of volatile compounds were reported that compared fairly well to the SA white wines, although different cultivars were investigated (Gil et al., 2006) . The Spanish wines had lower levels of hexyl acetate (trace levels) and higher levels of diethyl succinate (2.97 mg/L), butyric acid (4.95 mg/L) and ethyl octanoate (5.22 mg/L).
Differentiation between vintages
The factorial ANOVA on Chardonnay and Sauvignon blanc data showed that the concentration levels of 20 of the 26 quantified volatile compounds changed significantly over vintages 2005 to 2007 (Table 4 ). The exception was 2-phenylethanol, acetic acid, ethyl hexanoate, hexanoic acid, isoamyl alcohol and propanol ( Figure 1 ). The vintage*cultivar interaction was also insignificant for 2-phenylethanol, hexanoic acid, isoamyl alcohol and propanol. This suggests that the differences between the two cultivars in terms of these compounds are not affected by vintage and could therefore be characteristic of the cultivar. The finding that the levels at which these compounds occurred in the two cultivars remained constant over the three years is the first indication that typical concentration ranges can be established for some volatile compounds in South Africa cultivar wines. However, it is possible that changing environmental conditions and viticultural and oenological practices can affect future concentrations ranges observed. The analysis of future vintages will assist in critical evaluation of these preliminary findings.
Of the 26 different volatiles analysed, the following compounds were affected by vintage, but the vintage*cultivar interaction was non-significant: butanol, diethyl succinate, ethyl acetate, ethyl lactate, isobutanol, isobutyric acid, methanol, propionic acid and valeric acid ( (Etievant, 1991) . There was no obvious trend in vintage related changes in the acids or alcohols and their corresponding esters. It is known that Chardonnay and Sauvignon blanc follow different ripening patterns (Conde et al., 2007) and climatic and environmental conditions in the vineyards will affect the chemical composition of the grapes (and possibly the precursors of the listed ester/acid and ester/alcohol pairs) differently. More studies are needed to investigate these observations.
Differentiation between cultivars
A comparison of the volatile composition of Sauvignon blanc and Chardonnay wines is shown in Table 3 . Ten of the 19 compounds that differed significantly between the two cultivars were present at levels above their respective odour thresholds and can therefore be considered odour active. The differentiation between Sauvignon blanc and Chardonnay wines in terms of these compounds are shown in Figure 2 . Sauvignon blanc contained significantly more acetic acid, decanoic acid, ethyl decanoate, octanoic acid, ethyl octanoate, isoamyl alcohol, isoamyl acetate, hexanoic acid, hexanol, 2-phenylethanol, 2-phenyl ethyl acetate and isobutanol, than Chardonnay. The first 8 compounds in this list occurred above their respective odour active concentration levels ( Table  3 ). The compounds that occurred at higher levels in Sauvignon blanc wines are chemically related. There are two cases of corresponding alcohols and esters and two sets of corresponding Guth, 1997; 9 Ferreira et al., 2000; 10 Ferreira et al., 2001;  acids and esters. This is interesting, as one would expect to see an indirect relationship between the levels of acids and alcohols and their corresponding esters, and not a direct relationship, as in this case.
Chardonnay contained significantly higher amounts of butanol, butyric acid, ethyl butyrate, methanol, propanol, diethyl succinate and ethyl lactate. Both diethyl succinate and ethyl lactate are associated with malolactic fermentation. Chardonnay wines are more commonly subjected to barrel maturation than Sauvignon blanc and therefore undergo malolactic fermentation more frequently. These findings are in agreement with those previously reported for SA Chardonnay (Tredoux et al., 2008) . Apart from methanol, the other compounds that were significantly higher in Chardonnay wines were butanol, butyric acid, ethyl butyrate and propanol, which are all biosynthesized from 2-amino butyric acid (Lambrechts and Pretorius, 2000) . Of all these compounds, FIGURE 2 An illustration of the differentiation of white wine cultivars based on ten compounds that differed significantly between the wines and occurred above their respective odour threshold values. only ethyl butyrate and butyric acid were present at odour active concentrations in the white wines.
Fermentation-derived compounds in red cultivars
The concentration levels of the various compounds present in the four red cultivar wines, along with their odour threshold and odour activity values for each cultivar are listed in Table 5 .
Several studies reported on the levles of fermentation-derived volatile compounds in the SA cultivar Pinotage. Van Wyck et al. (1979) reported isoamyl acetate levels in Pinotage ranging from 3.50 mg/L to 25 mg/L. This range overlaps with the higher end of the range for isoamyl acetate reported for Pinotage wines in this study. Weldegergis and Crouch (2008) used headspace sorptive extraction of volatiles in Pinotage Wines and found significant differences in the volatile composition over two vintages. Data published by Gil et al. (2006) showed that levels of fermentation-derived compounds in Spanish wines are very similar to the levels obtained for the red wines in this study, although pertaining to different red cultivars. Some exceptions are lower levels of hexyl acetate (trace levels) and propanol (29.50 mg/L) and higher levels of butyric acid (4.77 mg/L) in the Spanish wines (Gil et al., 2006) . Another publication on Spanish wines by Viviani et al. (2007) reported on the volatile composition of Shiraz. Apart from much higher levels of diethyl succinate (40 mg/L), the results that they reported were very similar to the results from this study.
The volatile composition of Cabernet Sauvignon wines from China (Zhang et al., 2007) 
Variation over vintages 2005 to 2007
The average concentrations of hexanol, propanol, diethyl succinate and ethyl lactate did not change over the vintages investigated (Figure 3 ) and the concentration ranges reported in this study can be considered as being typical for SA Pinotage, Cabernet Sauvignon, Merlot and Shiraz young wines. Interestingly, Ferreira et al. (2000) found that, in contrast to the results from this study, the hexanol concentration of young red Spanish wines (including Merlot and Cabernet Sauvignon), did differ over vintage.
Butyric acid and isobutyric acid differed over vintage and followed the same trend in all four red cultivars ( Table 4) . As before, the results from this study were different to that of Ferreira et al. (2000) in which no significant vintage effect in isobutyric acid concentration was observed. 
FIGURE 4
An illustration of the differentiation between the four red wine cultivars in terms of selected odour active compounds. Some compounds changed over vintage, but in different ways for each of the red wine cultivars. These were: butanol, isobutanol, methanol, 2-phenyl acetate, ethyl hexanoate, ethyl butyrate, ethyl decanoate, ethyl octanoate, hexyl acetate, acetic acid, decanoic acid, hexanoic acid, isovaleric acid, propionic acid and valeric acid. Of these, Ferreira et al., also found 2-phenyl acetate and isovaleric acid to change significantly over vintages.
Differentiation between cultivars
Significant differences were observed between the red wine cultivars for all the volatile compounds that were analysed (Table  5) . Twelve of the compounds were present above their odour threshold values in all of the red wines. All of these compounds were also reported to occur above their odour thresholds in Spanish red wines (Ferreira et al. 2000) . Two compounds, isobutanol and propionic acid, were present above their odour thresholds in Merlot wines only. The differentiation between the four cultivars in terms of the odour active compounds is illustrated in Figure 4 and Figure 5 .
Cabernet Sauvignon wines contained the highest levels of 2-phenylethyl acetate, diethyl succinate, isoamyl alcohol and isovaleric acid. Furthermore, this cultivar contained the lowest levels of propionic acid and ethyl hexanoate. Merlot wines differentiated from the rest of the wines based on higher levels of valeric acid, propionic acid, ethyl hexanoate, ethyl octanoate, isobutyric acid, isobutanol and methanol. In addition, the Merlot wines contained significantly lower concentrations of propanol, 2-phenylethyl acetate, diethyl succinate, ethyl lactate and hexyl acetate. Pinotage wines differed from the other red wines in terms of significantly lower levels of isobutyric acid, isobutanol, methanol, isovaleric acid, butanol, diethyl succinate, hexanol and isoamyl alcohol. However, the Pinotage wines had the highest concentration of octanoic acid, propanol, ethyl hexanoate, ethyl octanoate, ethyl lactate and isoamyl acetate. Shiraz wines contained the highest amounts of hexanol and hexyl acetate and the lowest levels of octanoic acid and valeric acid.
Unlike the white wines, there did not seem to be an obvious correlation between the compounds that differentiated a specific red cultivar from the rest of the wines. Merlot wines contained significantly lower amounts of diethyl succinate and ethyl lactate which are both associated with malolactic fermentation. Pinotage contained the highest amounts of octanoic acid and its ethyl ester, ethyl octanoate. This cultivar also had the least amount of isoamyl alcohol, but the highest levels of its acetate ester, isoamyl acetate. The highest amounts of hexanol and its acetate ester were found in Shiraz wines. Therefore, the trend that was observed among the white wines regarding the direct relationship between the esters and their corresponding acids and alcohols did not seem to be as prominent among the red wines cultivars.
Classification of cultivar wines by means of discriminant analysis
Classification of white wines
Two subsets of volatile compounds were used to classify the white wine cultivars, Chardonnay and Sauvignon blanc, by means of discriminant analysis (Table 6 ). The first set, "best subset", was defined as the set of volatile compounds selected by the genetic algorithms selection method that best discriminated between the white wines. The second set, "most used subset" was defined as a compilation of the volatile compounds that occurred in at least 16 of the 21 best subsets generated with the genetic algorithm method.
Discriminant analysis with the "best subset" resulted in the highest total correct classification rate (See Table 7 ). However, when using the "most used subset", the total correct classification rate dropped with only 1%, which was due to a slightly lower classification success rate for Chardonnay wines. Considering
FIGURE 5
An illustration of the relative concentration levels at which odour active fatty acids and ethyl esters occur in four red cultivar wines. that the second model makes use of only 8 variables, while the first one relies on 19 variables, this difference is insignificant. The "most used subset" model is likely to be a more robust model that would have a better chance of getting a similar success rate using a completely new set of SA Chardonnay and Sauvignon blanc wines, compared to the "best subset" model.
From a metabolic point of view it is unclear why these specific compounds would play a more important role in differentiation than the other compounds, but it should be kept in mind that that the selection of several volatile compounds by the genetic algorithm, clearly point to a multivariate phenomenon. The apparent lack of commonalities between the compounds used in the "most used" model, may serve as additional evidence to the robustness of the "most used" model.
Classification of red wines
The subset of volatile compounds that was included in the most successful genetic algorithm solution is listed as "best subset" in Table 6 . This set of variables resulted in a total classification success rate of 74% for the discriminant analysis of the four red cultivars (Table 7 ). The Pinotage classifier had the highest percentage correct classification, while the Cabernet Sauvignon classifier performed less satisfactory.
TABLE 6
The variables sets used for the discriminant analysis of the white and red wines. In each case, the first sub-column refers to the best subset of variables selected with a genetic algorithm selection method. The second sub-column refers to all the compounds that occurred in 16 or more of the 21 best subsets generated with the genetic algorithm method for the discrimination between the wines. When the variables that occurred in 16 or more of the genetic algorithm solutions (refer to "most used subset" in Table 6 ) were compiled and used to discriminate between the red wines, the total classification success rate increased to 79% (Table 7) . The percentage correctly classified Cabernet Sauvignon wines increased with 8%. However, the percentage correctly classified Pinotage wines dropped with 6%.
Unlike the case of the white wines, the "most used" model used only one variable less than the "best subset" model. The major difference between the first model and the second model is that the latter includes the compounds butanol and isovaleric acid and not decanoic acid, ethyl octanoate and octanoic acid.
The "most used" subsets of red wine model included methanol, which was not used for the classification of the white wines. The white wine model made use of 2-phenylethanol, a compound that imparts a floral, honey character, to discriminate between the two white wines. This compound was not used to discriminate between the red wines. The "most-used" subset for the white wine model mostly consisted of esters which are the major fermentation by-product during white wine fermentation (Lambrechts and Pretorius, 2000) . White wines are generally fermented at cooler temperatures that promote ester production. On the other hand, the red wine "most used" subset included several higher alcohols, in addition to esters. The higher fermentation temperatures that are often found during red wine vinification promote the production of higher alcohols. The inclusion of a larger number of higher alcohols in the red wine model suggests that higher alcohols are not only more abundant in red wines than white wines, but also more important for the discrimination between red wines than for the discrimination between white wines. Tredoux et al. (2008) also applied linear discriminant analysis for the classification of SA red wine and white wine cultivars. In a sample set that included Ruby Cabernet amongst red wines and Chenin blanc amongst white wines, esters, alcohols, fatty acids, ketones, volatile phenols and aldehydes were used as variables in the classification model. Correct classification rates of 100% for respectively red and white cultivars using this combination of compounds, were reported. It is well known that compounds other than alcohols, esters and fatty acids contribute to unique cultivar characteristics and may therefore contribute to a stronger classification model. Indeed, in a recent paper (Louw et al., 2009) , it was found that discriminant models using fermentation volatiles improved when used in conjunction with infrared spectral data of the wines under investigation. Spectral data, being of highly multivariate nature, provide a wealth of non-specific compositional information and can be useful to provide complementary data for targeted analytical methods such as the GC-FID analysis used in this study (Skov et al., 2008) .
There were striking similarities in the compounds that were considered strong discriminators between red wine cultivars in this study (Table 6 ) and those reported by Tredoux et al. (2008) . The latter study also showed that isoamyl alcohol, 1-hexanol, propionic acid, octanoic acid, isoamyl acetate, 2-phenylethyl acetate and diethyl succinate were important discriminators between red wine cultivars. However, among the list of compounds that were common to both studies, only diethyl succinate and butanol were found to be useful discriminators between white wines by both reports. Interestingly, the results reported by Tredoux et al. confirmed the finding in this study that more compounds were required for discrimination between red wines than between white wines, although more red wine cultivars (n = 5) than white wine cultivars (n = 3) were used in modelling (Tredoux et al., 2008) .
CONCLUSIONS
The results of this study provided an overview of the distribution of fermentation-derived volatile compounds in SA young wines. In general, the concentration ranges of the volatile compounds investigated in this study compared well to that reported in the literature. Due to the significant vintage to vintage changes in the volatile composition of the wines, it was not considered feasible to define concentration ranges that could serve as benchmarks for SA young wines, for all of the compounds analysed in this study. The concentration ranges for 8 compounds that were unaffected by the three vintage changes were reported, since this could be seen as an early indication of typical volatile composition of SA young wines.
The discriminant models for respectively white wine and red wine cultivars that were established showed very promising results. It would be of interest to re-validate the models with an independent set of wines to evaluate the robustness of these models, especially the "most used" models. It could also be of interest to determine the efficiency of the models for the classification of older single cultivar wines that have undergone more extensive maturation.
